CHAPTER 11

SERIES AND PARALLEL CIRCUITS

11.1 SINGLE RESISTOR CIRCUITS

A circuit may contain one or more resistor. The multi-resistor circuits can have their resistors
connected together in many different ways but the application of a standard set of problem solving rules
will always simplify the circuit to a simple circuit consisting of an equivalent resistor and an e.m.f. source.

A circuit consisting of a single resistor and an e.m.f. source is shown in figure 11.1. .
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Whaen the switch is closed conventional current flows in the external circuit, in the direction
indicated in Figure 11.2,

Only one value of current exists in the circuit, all electrons leaving the source, pass through the
resistor to the opposite side of the source.

All the Ohm's Law equations apply to the circuit.

E = IR

~|m >|m

When the current flows through the resistor a voltage {IR) is produced across the resistor, This
internalt voltage s known as the ‘potential difference’ across the resistor and is identified by the capital
letter "V, whereas a source voltage is indicated by the letter 'E’,

11.2  SERIES CIRCUITS

Resistors are connected in series when they provide a single path for the passage of efectrical
current.  {Figure 11.3).
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Electrons entering from either end of the resistor grouping must pass through each ang alf of the
resistors. A series circuit containing two resistors and a source is shown in figure 11.4,




SN
a——

Dy

TP —

2 L 1} {2}
“ —y 2 —
\(: 1
+|= '.+||r
Figure 11.4 IE Figure 11.5 I E

When the switch is clased, (figure 11.5) current ﬁwoving from the positive side of the source through
the circuit meets opposition first from rqe then from fo.as it progresses to the negative terminai of the
source. The total opposition to current movement is ry plus £, OF the total resistance (R) to current move-
ment is -

R = 1y trg ohms

As there is only one path in the circuit there wiil only be one current . {Figure 11.4).
e

This current is calculated by using the Ohm's Law eguation -

Where- E = applied e.m.f,
R = total circuit resistance

From Chm's Law, if current flows in a resistor a voltage appears across the resistor. The value of
this voltage is equal to the product of the current in the resistor and resistance of that resistor through which
this current is flewing. Thus current flow in this series circuit produces two internal voltages.  (Figure 11,6}
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The apgiea e.m.f. is equal to the sum of tne \ndividual voltages across the resistors.

E o= VitV
Where - Vo= and
V: = Ir2




Example 11.1

A 10 ohm and a 20 ohm resistor are connected in series to a2 120 volt d.c. supply. Calculate —

{a}  the total resistance of the circuit
{b}  the current in the circuit -
(c) the potential differences across each resistor.

E = 120 v R = r1 + r2 .
o= 10 Qq ] _ L ) _
= 10 + 20
I'2 = 20 o
=  30ohms
R = It
| = E
i = ?A R
= 120
V1 = TV 30
V2 = v = JA
V1 = |r1
= 4 x 10
= 40V
Vz » lrz
= 4 x20
= 80V

Note: That V1 + \.(2 =
40V + 80V = 120 v,
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Exampie 11.2

Three resistors 1, fq and T3 of 4Q, 6 1 and 10 Q2 respectively are connected in series to a 200 volt
d.c. supply. Calculate the:- _ :

{a)
{b)
{c]

total resistance of the circuit
current drawn from the supply

voltage drop across each resistor

= 200V
= 40
= 6
= 10Q

= 10
= 7A

= IV
= IV

= IV

PARALLEL CIRCUITS

Resistors are said 1o be connected in parailel when they provi
of erecrrical current,

{Figure 11.7}.

(a).

{b)

{c)

Check -

E

200

r1+r2+r3
4+6+ 10
20 Q

10 x 10
100V

V1+V2+V3
40 = 60 + 100

200V

de more than one path for the passage



same tatal value as was flowing in the circuit prior to point A.
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making V, and V4 equal to the source voltage E. {Figure 11,9},
E = V1 = V2
The total current in the circuit is the sum of the individual branch current.

The totai current in the circuit is given by —

I = |.I + I2
V A
I
r Iy
but - -
E = V1 = V2

substituting E for V

E . £ . E

R r ra

(after dividing both sides by E)
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Electrons entering from either end of the resistor grouping may pass through any of the resistors,
parallel circuit consisting of two resistors is shown in figure 11.8.
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When the switch is closed, current leaving the source and reaching position A, will have two paths
available through which it may traveil. On reaching point B the cuirent in the two paths combine to give the

PP

Neglecting wire resistance the potential at the points A and B will be the same as that of the source



ors. A
Example 11.3 )
A resistor of 3 ohms is connected in parallel to a resistor of 6 ohms. The complete circuit is then
supplied from a 90 voit d.c. source. Calculate -
{a) the total resistance of the circuit . -
{b) the current in each resistor
{¢) the total current drawn from the supply
E = 80V ‘ {a R = 1 .
= ol
|'1 3 Q r1 + ‘%‘
, = 61 )
ths 2 R = 1
e the R =10 - + S
1
|2 = TA = 2 + 1
| = 7TA 6
= —
—
6
= 2 Q
b 1, = £
f1
= 20
uree 3
= 30 A
= £
2
= 80
6
= 15 A
(c} | = | 1 + 12
= 30 =+ 15
= 45 A
Check - | = E
R
- %0
2
= 454
63




Example 11.4

Three resistors rq. T and rg having resistances of 2 1,30 and 6 {} respectively are connected to
a 30 volt supply. Calculate the:-

(a) total resistance
{b} current drawn from the supply

{c}) current in each resistor.

E -= 30V @ 1 1 1
. _ L I

r.l-ZQ

rg = 30 LI TN
2 3 6

r = g0
3 = 34241

R = 10 6

e

L EE Lrafen tBE eyl g ot ps peOTCRNE TR R
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1A = B
= 1A 6
= A

= JA
b} I =

e 1y - vy

Check | = 11+[2+[3
2 = 15+ 10+ 5

= 30A
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Equations in this chapter

In a series circuit -
R = rgo+ r

£ = v, + Vg

In a parallel circuit

1
_1. _ —1- + -1— or R = J.. + -1-
R " I'-I I'z r1 r2
Po= 1
1 f io
E = V1 = V2
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12)

(3)

td)

Three resistors of 211, 5Q and 6 Q are connected in series to a 130V d.c. source. Calculate:-

{a} the total resistance of the circuit
(b}  the current drawn from the source

(c} the potenual difference across each resistor.

A d.c. supply of 220V is applied to a circuit consistingofa 220{ ,a 180Q

connected i series.  Calculate -

{a) the rotal resistance of the circuit
(b} the current drawn from the d.c. supply

{¢] the potente] difference across each resistor.

Three resistars of 54, 100 and 150 are connected in parailel to a 120V d.c. suppiy.

Calculate -

{a) tneresistance of the circuit

{(by  the current drawn from the supply
{¢}  the voltage across the 5 () resistor

{dY the current through the 15§ resistor

Three resistars, 7. T and 3 having vaivesof 60 ,9Q and 18 respectively are connected in

parziiei to a 108 volt source. Calculate -

{a}  the torai resistance of the circuit
{b)  the current drawn from the source
{ct  the potenuai difference across the 18 &t resistor

{d) the currentinthe 6 resistor.

A paratlel circut consists of three resistorsof 80 1210
suppiv. Calculate -

(al  the totairesistance of the group
(bi  the currert drawn from the supply
fc; checurrent nthe 120 resistor

iy cne poter sl griference geross the "3 1 esistor,

and 24 (¢ connected to a 120 volt



